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Abstract 
A new type of photovoltaic (PV) fresh air and domestic hot water system is established to improve indoor air quality and to 
provide living hot water. And a phase change energy storage water tank heating system is established to optimize heating with 
non-continuous energy forms, such as solar energy. A 600 mm * 485 mm * 250 mm phase change material is selected as the 
storage container, decanoic acid is as the main phase change material, and aluminium alloy box is as the package material. We 
establish a real scale model of the system and apply the FLUENT software to explore and optimize the design scheme employed 
in the heating system. Effective hot-melt method is used in dealing with the enthalpy of the phase change material. The system 
will be an effective way to solve the indoor air quality problem and to achieve the optimal allocation of energy. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
To improve the indoor air quality in winter in northern China is a problem to be solved. Building fresh air system 
is generally not setting, People can only open the window ventilated to improve indoor air quality. In winter, outdoor 
temperature is low, on the one hand, open a window ventilated indoor form the unnecessary heat load loss; on the 
other hand, the cold air come in contact with the hot air of indoor outdoor is congealed water vapor to form fog 
pollution of indoor environment [1]. As everyone knows, fresh air meet the demand of indoor personnel respiratory 
metabolism, dilute various indoor pollutants, and adjust the indoor temperature and humidity, so as to create a good 
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indoor air environment [2]. How to introduce fresh air in buildings has become a hot concern. Experts at home and 
abroad put forward some solutions for indoor ventilation problem, such as heat recovery fresh air ventilator and 
ventilating window. Hybrid photovoltaic thermal (PVT) solar system, as a simultaneous use of solar energy to heat 
and power generation equipment, On the one hand, the use of waste heat generated by photovoltaic power generation 
can heat air and water, generating heat efficiency, on the other hand, the fluid away heat, can also increase the 
efficiency of PV[3]. The application of phase change energy storage technology can make up the instability of 
Photovoltaic (PV) Fresh Air and Domestic Hot Water System. Phase change materials in the daytime high 
temperature melting, the excess heat in the form of latent heat storage in the system, night temperature lowering the 
phase change materials solidification, gives off heat for heating air and provide a stable heat source. Some 
numerically simulation will be done to find the affect for the thermal efficiency of physical and geometric factors, 
Optimizing of the coupling between the PVT systems and phase change energy storage system.  
2. METHODS  
We made an analysis of the theoretical basis for photovoltaic (PV) fresh air and domestic hot water System and 
phase change energy storage system. By using CFD software on their heat transfer process are simulated. Use 
simulation to study the temperature variation in the process of heat transfer, from the macro to preliminary forecast 
system running effect. 
2.1. Photovoltaic Thermal (PVT) Model 
Set the air convection heat transfer coefficient between panels is hp [W/(m2gK)], Convection heat transfer 
coefficient between air and glass cover for hg[W/(m2gK)], Glass cover temperature for Ta ć, the collection hot 
plate surface temperature for Tf ć, environment temperature for Tg ć. Regardless of the radiant heat, according to 
the principle of energy balance by the following equation: 
Glass cover energy balance equation: 
( ) ( ) ( ) 0t a g g f g p g p gU T T h T T h T T            (1) 
Panelsÿ energy balance equation      
( ) ( ) 0p f p p g g pG h T T h T T            (2) 
Air energy balance equation: 
( ) ( ) 0n g g f p p fq h T T h T T            (3) 
The size of the PVT is 1.6 m * 1 m * 0.04 m, and for fresh air model, we set up different internal structure, import 
and export. The size of the import and export of unified set to 0.04 m * 0.02 m and 0.08 m * 0.02 m. Model Settings 
as shown in figure 1. 
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(a)No Flapper                                                                              (b) Parallel Flapper 
 
(c)Bevel Flapper 
Figure 1.  Fresh air channel model 
Domestic hot water flow model for four "S" type square tube, strengthen the convective heat transfer of time and 
contact area. Each square tube cross-sectional area is 0.025 m * 0.05 m, as shown in figure 2. 
 
 
Figure 2.  Domestic hot water flow model 
PVT temperature is set to 353 k; Fresh air inlet velocity boundary conditions for the velocity model - inlet, the 
inlet temperature to 273 k, for wind speed of 2 m/s, export set to outflow; Domestic hot water flow model of inlet 
temperature to 288 k, for export is set to the outflow, the other wall is set to the adiabatic conditions, and Set fresh 
air model of working temperature is 258 k, the domestic hot water flow model of the working temperature of 303 k. 
2.2. Phase change energy storage model 
Using GAMBIT software to establish the geometric model and mesh, geometry size of phase change energy 
storage system for 600 mm * 485 mm * 250 mm, and model built in the three phase change heat storage devices, 
Phase change device for solid inside, material as decanoic acid, the physical properties is presented in Table 1. 
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Device peripherals for fluid, material for air, its physical properties in accordance with the default values of the 
software [4]. 
 
Table 1. The physical properties of decanoic acid 
Density/(
kg·m-3) 
Heat capacity 
/(kJ·kg-1·K-1) 
Heat conductivity/ 
(W·m-1·K-1) Heat capacity /(kJ·kg-1) 
Solidification 
temperature/K 
885.8 2.0 0.326 153 304.1 
 
We have done simulation for phase change energy storage system about the process of heat on day, and the 
process of release energy in night. Heat boundary conditions are set: heat pipe for the isothermal wall (wall), 
temperature of 373K; Phase change heat storage material type for solid (solid), the initial temperature (patch) to 
293K; Air flow direction is perpendicular to the entrance, the initial velocity is 2 m/s, the initial supply air 
temperature is 306 K, other conditions keep the default values. Simulation after 6 h, would reduce the air 
temperature to 273 k at the entrance, for the heat pipe adiabatic conditions replace thermostatic wall condition, phase 
change heat storage system entered the exothermic process. According to The DSC test curve of decanoic acid (. 
Show as Figure 3.), we can fit the relationship between heat flow endo up (m / W) and temperature (ć) between the 
phase transition process, with the formula: 
 
  2}1523.0/)1.31[({(*64.4)(  tExptF       (4) 
It comes that the effective specific heat capacity of decanoic acid is as follow: 
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Figure 3. The DSC test curve of decanoic acid 
3. RESULTS 
For Photovoltaic Thermal (PVT) system of three different air flow to carry on the contrast simulation of heat 
transfer, ten minutes of time, temperature contrast cloud images as shown in figure 4. 
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No Flapper                                                         (b)Parallel Flapper                                                   (c)Bevel Flapper 
Figure 4.Temperature cloud images in 10 min 
We can easily see figure (b) temperature distribution is more uniform than others. Inlet is opposite the outlet, with
parallel middle parallel flapper structure can nearly uniform air supply state. 
Figure (b) of outlet temperature changing with time curve as shown in figure 5. It can be seen that the temperature
of the air duct of this structure is a stable, maintained at 339 k, it is ideal for collectors. 
 
 
Figure 5.Temperature change over time 
For domestic hot water channel, in 6.32 minutes, the heat transfer condition tends to be stable, the outlet
temperature of 322.5 K, "S" type of flow channel to strengthen the contact area of water and convective heat transfer
time with the PVT,  accelerating the speed of water to higher temperature, steady-state temperature distribution
cloud picture as shown in figure 6. 
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Figure 6.Steady-state temperature distribution cloud picture 
Heat storage process of phase change energy storage device: fresh air which the temperature of 293 k ventilation 
with phase change energy storage system, We are placed the heat pipe in the phase change energy storage system 
inside, the heat pipe temperature up to 373 k constant, time of 1019 s, 3371 s, 10583 s and 15077 s, as shown in Fig. 
7. It can be seen in the 15077 s, decanoic acid is virtually all melting, then continue heating 7200 s, decanoic acid 
completely melt.  
 
  
 
  
 
 
Fig 7. Temperature distribution in 1019s, 3371s, 10583s, 15077s 
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4. DISCUSSION 
Numerical simulation proved the feasibility of PVT systems. In this paper, the various forms of PVT fresh air 
model internal structure has carried on the simulation study, it is concluded that the optimal form, and then, system 
analysis is carried out for the "S" type channel would put in modified high thermal efficiency, in a very short period 
of time can rise to high temperature; For the heat process analysis of phase change energy storage system, the extra 
solar energy stored in energy storage systems in daytime, the stored energy would continue heating fresh air at night 
or at rainy day. 
Having been used in the process of simulation is the steady state parameters, but the dynamic changes of the 
actual situation, bringing the error for the result of simulation .Photovoltaic (PV) Fresh Air and Domestic Hot Water 
System separate simulation with the phase change energy storage system, did not explore the law of the system 
coupling. In addition, we are only for the regenerative process of phase change energy storage system do the 
simulation analysis, no analysis of exothermic process. 
5. CONCLUSIONS 
Photovoltaic (PV) Fresh air and domestic hot water system under ideal conditions of simulation prove the 
feasibility of the system. Fresh air system in setting up parallel flapper can approximate in uniform air supply, 10 
minutes, the export of average temperature of 338.93 K, domestic hot water system "S" type of structure 
transformation in 6.23 minutes after the water temperature can reach 322.5 K, Through the numerical simulation of 
phase change energy storage system, in the process of heat storage, phase change materials in the 14400 s nearly 
melt completely. 
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